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JAPANESE LAID OP EH PATENT NUMBER: 56-112828 . 
54 CONTROL METHOD FOR AC/DC ALIGNED SYSTEM. 
22 JP FILING DATE: FEBRUARY 12, 1980 
72 INVENTORS: TAKE I CHI SAKURAI, KIYOSHI GOTO, 

ATSUYOSHI WATANABE, AKIRA ISONO, MASAO HIROSE. 
71 CO-ASSIGNEE: TOKYO ELECTRIC POWER LTD. 
71 CO-ASSIGNEE: HITACHI LTD. 
74 PATENT ATTORNEY: AKIO TAKAHASHI 

TITLE OF INVENTION: CONTROL SYSTEM FOR AC/DC ALIGNED SYSTEM. 
[SCOPE OF THE CLAIM] 

1. In a generated electric power transfer system configured 
by the DC transferred electric power system having: an 
electric power plant having a control apparatus for 
controlling a generated electric power with respect to at 
least a generated electric power facility and a given 
generated electric power setting parameter; and a control 
apparatus for connecting the electric power plant with an 
electric power consuming place and controlling a transferred 
electric power with respect to a given transferred electric 
power setting parameter, a control system of an AC/DC aligned 
system for setting an output of a first compensation means as 
a transferred electric power setting parameter of the DC 
transferred electric power system, comprising: 

a first setting means for giving a generated 
electric power setting parameter; 




58-204733 

a first frequency detection means for detecting a 
frequency of an electric power generator; 

a second setting means for giving a frequency 
setting parameter of the electric power generator; 

a first differential detection means for acquiring 
an output difference between said first frequency detection 
means and said second setting means; 

a first compensation means for receiving an output 
of said first setting means and compensating the output value 
by an output of said first differential detection means; and 

being a transferred electric power setting parameter 
of the DC transferred electric power system with the output of 
said first compensation means. 



2. The control system of claim 1, wherein the control system 
of the AC/DC aligned system has: 

a second frequency detection means for detecting a 
frequency of an AC electric power system on the side of 
receiving an electric power of the DC transferred electric 
power system; 

a third setting means for giving a frequency setting 
parameter of an AC electric power system on the side of 
receiving an electric power; 

a second differential detection means for acquiring 
an output difference between said second frequency detection 
means and said third setting means; and 
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a second compensation means for receiving an output 
of said first setting means and compensating the output value 
by an output of said second differential detection means 

being a generated electric power setting parameter 
with the output of said second compensation means. 

3 • The control system of claim 2 , wherein the control system 
of the AC/DC aligned system adds the output of said second 
differential detection means to said second compensation means 
via a first non-linear conversion means having a blind zone, 

4 . The control system of claim 1 , wherein the control system 
of the AC/DC aligned system has: 

said second frequency detection means for detecting 
a frequency of the AC electric power system on the side of 
receiving an electric power of the DC transferred electric 
power system; 

a third differential detection means for acquiring 
the difference between said first frequency detection means 
and said second frequency detection means; 

a third compensation means for receiving an output 
of said first setting means and compensating the output by an 
output of said third differential detection means; and 

being a generated electric power setting parameter 
with an output of said third compensation means. 
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5. The control system of claim 4, wherein the control system 
of the AC/DC aligned system adds the output of said third 
differential detection means to said third compensation means 
via a second non- linear conversion means having a blind zone. 

6. The control system of claims 2 through 5, wherein the 
control system of the AC/DC aligned system has said third 
compensation means for compensating the output. of said second 
setting means by the output of said second differential 
detection means or said third differential detection means* 

7. The control system of claims 1 through 6, wherein the 
control system of the AC/DC aligned system has a means for 
measuring or estimating an amount of the load in a generated 
electric power plant and its surrounding, has a subtraction 
means for subtracting an output of said means for measuring or 
estimating from the output of said first setting means and an 
output of said subtraction means is given as an input of said 
first compensation means. 

Description of the detailed invention. 

The present invention relates to control system for AC/DC 
aligned system. In particular, the invention relates to an 
optimum control system for coordinating the power plant with 
the DC transferred electric power system where total output of 
the power plant or a major part of the output are transferred 
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to an electric power consumption location by the DC 
transferred electric power. 

When the total output of the power plant or a major part 
of the output are transferred by the DC transferred electric 
power, it is necessary to take a balance between a generated 
electric power and the DC transferred electric power and to 
keep constant a frequency of an electric power generator. 
Therefore, in the conventional art, a control of the generated 
electric power has been performed by a control of a boiler and 
turbine, and a control of a frequency is performed by a 
governor. Although the DC transferred electric power system 
controls so that the balance of an electric power with the 
power plant can be done, to maintain this balance, the DC 
transferred electric power setting parameter is determined by 
giving a value equal to the generated electric power setting 
parameter, a frequency difference of the AC electric power 
system between the side of an electric power supply and the 
side of receiving the electric power is taken and to the 
direction where the frequency difference becomes zero, that 
is, a control of taking a balance of an electric power is 
performed by compensating the DC transferred electric power 
so that when a frequency on the side of an electric power 
generation is lower, the DC transferred electric power is 
increased and when the frequency on the side of an electric 
power generation is higher, the DC transferred electric power 
is decreased. 
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However, if the above control system is taken, there is a 
problem that an electric power generator governor interferes 
with a control by the DC transferred electric power system. 
In the DC transferred electric power through a power plant, 
such as a nuclear power plant that restricts an operation of 
governor, the above mentioned control system can not be 
applied. 

An object of the present invention is to coordinate a 
power plant with a DC transferred electric power system and to 
provide a control system for performing a stable electric 
power transfer. 

The present invention is made by putting an eye on the 
point that a high speed response of more than 500% for a 
second is available in the DC transferred electric power 
system to a response speed of 3 0% for a minute in a nuclear 
power or a fire power plant. A balance of an electric power 
is taken and a frequency of an electric power generator is 
stabilized by setting a generated electric power of the power 
plant and following a transferred electric power of the DC 
transferred electric power system with the generated electric 
power. A governor of an electric power generator is not 
required. 

Basically, the same value as a generated electric power 
setting parameter of the power plant is given as a transferred 
electric power setting parameter of the DC transferred 
electric power system and when a frequency of an electric 
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power generator is drifted from a normalized value, the 
electric power system is controlled so that a balance between 
a generated electric power and a transferred electric power is 
kept and a frequency is kept constant by compensating the 
transferred electric power setting parameter through a 
frequency deviation of the electric power generator. 

Figure 1 shows an embodiment of the present invention. 
In this figure, PS is a power plant, G is a generated electric 
power facility including a boiler, a turbine or an electric 
power generator, PC is a power plant control apparatus for 
controlling a generated electric power, DS is a DC transferred 
electric power system, C is a converter, DC is a DC power 
system control apparatus for controlling a transferred 
electric power, Bs and Br are respectively basic wiring line 
on the side of an electric transfer and on the side of 
receiving an electric power, AN is an AC power system on the 
side of receiving an electric power. 

There is a description of elements configured a basic 
part of the invention. SI is a first setting means for giving 
a generated electric power setting parameter, S2 is a second 
setting means for setting a frequency of an electric power 
generator, FD1 is a first frequency detection means for 
detecting a frequency of an electric power generator, DF1 is a 
first differential detection means for acquiring a difference 
between a frequency setting parameter and a frequency 
detection parameter of an electric power generator and COl is 
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a first compensation means for compensating a transferred 
electric power setting parameter of the DC transferred 
electric power system. An example embodiment of using an 
adder as the COl and DF1 is indicated. 

There is a description of an operation for a basic 
control part based on the above basic part. In this 
operation, either one of a second compensation means C02 or 
C02 and C03 are not inserted, an output of the SI is directly 
added to the PC and COl and an output of S2 is added directly 
to DF1. . 

Considering that a frequency of an electric power 
generator is equal to a setting parameter, an output of the 
DF1 is zero, an identical electric power setting parameter is 
given to the PC and DC and when there is no error in the 
control apparatus, a generated electric power becomes equal to 
a transferred electric power. However, in a real life, there 
is an error in the control apparatus and there exists a 
difference between a generated electric power and a 
transferred electric power based on the difference of a 
response speed in the control system. Further, because there 
exists a loss based on a transferred electric wiring between a 
power plant and the DC transferred electric power system, a 
balance of an electric power can not be maintained. 
Accordingly, a frequency is drifted from the setting 
parameter. However, in that case, there occurs a difference 
between an output of the FD1 and an output of the S2 and there 
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appears an output to the DF1 . Considering if a frequency 
increases more than a setting parameter, there appears a 
positive signal as the output of the DF1 and since this 
positive signal is added to the transferred electric power 
setting parameter by C01, the DC transferred electric power is 
increased and a frequency is going down because an output of 
an electric power generator is increased. On the contrary, 
when the frequency is going down more than the setting 
parameter, the DC transferred electric power is decreased and 
the frequency is increased. Then, a frequency of an electric 
power generator is kept a constant value equal to the setting 
parameter and a stable operation is performed. 

As an aforementioned above, because a response speed of 
the DC transferred electric power system is 500% for a second 
to a 30% for a minute of a generated electric power change 
speed in a power plant, even when the generated electric power 
setting parameter is changed and a generated electric power is 
changed, a control of the DC transferred electric power system 
for keeping a frequency constant can be followed and it is 
possible to perform a stable operation having a good balance 
between a generated electric power and a transferred electric 
power . 

With respect to the present invention, a stable operation 
of an AC/DC aligned power system for transferring total 
electric power of the power plant or its major part through 
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the DC transferred electric power without using a governor of 
a power plant can be realized. 

Although the basic part of the present invention has been 
described, a control in response to a request from the side of 
load can be performed in the invention. By using Figure 1, 
this control is described. In this figure, FD2 is a second 
frequency detection means for detecting a frequency on the 
side of receiving an electric power, that is, on the side of 
load, S3 is a third setting means for giving a frequency 
setting parameter in the AC power system on the side of 
receiving an electric power, DF2 is a second differential 
detection means for detecting a difference between FD2 output 
and S3 output, NL is a non-linear conversion means for 
generating an output only when an output of DF2 becomes beyond 
a normalized value, C02 and C02 ■ are second compensation means 
for compensating a generated electric power setting parameter 
by an output of the NL, L is a limiter for restricting a 
maximum amplitude of NL output and C03 is a third compensation 
means for compensating a frequency setting parameter of an 
electric power generator by an output of the L. 

Although either one of CO 2 and C02 ' is used, an operation 
of using the C02 is described. Assuming C03 is removed and an 
output of S2 is added directly to DF1, a basic part of control 
in response to a request on the side of the load is described. 

When there happens some failures in the AC power system 
on the side of receiving an electric power and a frequency is 
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decreased because of short of the power, a positive output 
appears in DF2 . When this positive output becomes beyond a 
normalized value, an output appears in NL and the output is 
given to PC by adding the output to a generated electric power 
setting parameter. When a frequency of an AC electric power 
system on the side of receiving an electric power is decreased 
more than the normalized value, a generated electric power is 
increased in response to the frequency. Then, since a 
frequency of an electric power generator is increased, in 
response to that, FD1, DF1, COl are functioned and the DC 
transferred electric power is increased while the frequency is 
kept constant. 

Based on the present invention, a stable control in 
response to a status on the side of load is performed. Even 
when C02 • is used instead of C02 for the second compensation 
means, the same performance can be obtained. 

In an aforementioned invention, a frequency of an 
electric power generator is controlled to be kept constant. 
Because a quick control can not be performed since an output 
change speed of the power plant is slow, a control in response 
to the output change speed is performed. 

However, considering a control at the time of an 
emergency, if a transferred electric power can be increased 
promptly during a short period of time by discharging an 
energy stored as a rotation energy of an electric power 
generator and a turbine, that largely contributes to an 
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improvement of an extreme stability in the AC power system on 
the side of an electric power generation. L and C03 are 
additional circuits for having the above function. When a 
positive signal is appeared in the NL, the signal is added via 
a limiter L> to C03 and a setting parameter of a frequency is 
decreased. Then, a positive output is appeared in DF1 and a 
transferred electric power setting parameter of the DC 
transferred electric power system is increased. At this 
moment, both a generated electric power output and a 
transferred electric power output become temporarily unbalance 
and a frequency of an electric power generator goes down. 
However, by the time FD1 output becomes equal to an output of 
C03 , an energy stored as a rotation energy is discharged and 
an increase of a transferred electric power can be maintained. 
Moreover, a limiter L is provided for restricting a change 
width of a frequency setting parameter below a normalized 
value. This is because a range of frequency being capable of 
operating safely is determined in the power plant facility. 

Although the above description is given for decreasing a 
frequency of an AC power system on the side of receiving an 
electric power, even when the frequency goes up, it is 
possible to perform a control in response to the variation of 
the AC power system on the side of receiving an electric power 
through a reverse action. 

Figure 2 shows another embodiment of control in response 
to the variation of the AC power system on the side of 
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receiving an electric power. Figure 2 that uses a 
differential detection means DF3 for acquiring an output 
difference between FD1 and FD2 is different from Figure 1.. 

For instance, when a frequency of the AC power system on 
the side of receiving an electric power is decreased, a 
positive output is appeared in DF3 . Therefore, in a same 
manner as in Figure 1, a generated electric power and a 
transferred electric power can be increased. 

Figure 3 shows still another embodiment of the invention. 
In Figure 3 , LL is a load in the power plant or its 
surrounding, LD is a means for measuring a load electric 
power, SU is a subtraction means for subtracting an electric 
power value of a load LL (that is, a LD output) from a 
generated electric power setting parameter and this SU output 
is added to COl. Since it is natural that there exists a load 
in an actual power system, based on Figure 3, it is possible 
to perform an accurate control that considers an electric 
power consumed by this load. In embodiments of Figures 1 and 
2, a difference between a generated electric power and a 
transferred electric power through the load is covered by a 
control loop for keeping constant a frequency of an electric 
power generator and by changing a transferred electric power. 
However, if a control for considering in advance the load as 
in Figure 3 is performed, more accurate control is available. 

Moreover, although Figure 3 shows an example for adding a 
compensated output of SI using a measurement value of a load 
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power consumption to COl, actually the load power consumption 
is not measured and the same effect is acquired even if a load 
power consumption is estimated with respect to the load 
connection status and the load power consumption is added to 
SU. 

As an aforementioned above, based on the present 
invention, a control for coordinating the power plant with the 
DC transferred electric power system is available and a 
control in response to the status of an AC power system on the 
side of receiving an electric power is available. 

Brief description of the drawings. 

[Figure 1] 

A circuit diagram showing an embodiment of the present 
invention. 

[Figures 2 and 3] 

Circuit diagrams showing a modified example of the 
present invention . 

PS : Power plant, PC : Power plant control apparatus, 
D3 : DC transferred electric power system, AN : AC power 
system on the side of receiving an electric power, C : 
converter, DC : DC power system control apparatus, CO : 
Compensation means, DF : Differential detection means, FD : 
frequency detection means. 
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